Abstract-Clinic of University of Louisville is a relatively new medical clinic which attempts to stem the epidemic of childhood obesity. The main problem addressed by this research is the no show rate (nearly 50%) of the clinic. There are two goals in this project. One is to increase the staff utilization; the other is to decrease the waiting time. We study two potential methods to solve this problem. One involves using multiple resources for every visit; the other involves overbooking the patients. One simulation model is an overbooking model in which the interarrival times are controlled for each type of patients. By increasing arrival rate of patients, the waiting time, the total number of served patients and the utilization of staff are increased. We need to trade off in order to choose the best arrival rate for the clinic. The second model involves using multiple resources for every visit. We also change the interarrival time for patients in order to estimate the best values for these inputs.
INTRODUCTION
Currently, health care is a large industry that concerns everyone. The US Government is also concerned about its health care system. For example, President Obama recently signed the Patient Protection and Affordable Care Act [1] . Many new medical treatments are being researched more intensely than ever. Many Industrial Engineers also do research on health care, such as how to increase the utilization of a medical staff and how to structure the patient's flow. Many people are concerned with how to keep basic healthcare available to as many people as possible. Many hospitals emphasize short queue length in the waiting room and shift care from inpatient to outpatient facilities. In light of this, clinics need to reassess their operation and capacities [2] .
In this paper, we describe a project done for the University of Louisville Clinic. This clinic is a relatively new University of Louisville program which is attempting to stem the epidemic of childhood obesity [3] . The program represents a complete resource for overweight children, offering a broad range of services from experts who can evaluate each child's individual needs and develop a customized treatment plan accordingly. Children with a Body Mass Index (BMI) (which is a number calculated from a person's weight and height) in the 85th percentile or above are referred to this program.
There are seven staff members in the clinic. One receptionist, one nurse, one nurse practitioner, one physician, one exercise physiologist, one psychologist and one nutritionist. Each staff person has his/ her own unique responsibility See Table I .
A. Reasons for no show:
Many patients of the clinic do not show for their appointments. In some clinics, up to 42% of scheduled patients did not show up for pre-booked appointments [4] . Rust and Gallups [5] say that the problem of patient no-shows (patients Dietary advice/ some appointments who do not arrive for scheduled appointments) is significant in many health care settings, where no show rates can vary from 3% to 80%. Vozenilek [6] says the nationwide no-show rate is expected to be between 20% and 40% of all appointments made for medical clinics.
In this project, the no show rate for patients is nearly 50% which is high enough to effect the operation of the clinic. The most significant factor affecting no-show rates is the amount of time between the scheduling of the appointment and the appointment itself. Other significant factors effecting noshow rates are diagnosis, demographic data, geography, weather, and current financial situation of the patient [6] . Another reason for patient no-show is forgetfulness. According to the research, the longer the duration between the times of scheduling the appointment and the appointment itself, the higher the probability of a no-show. A patient who made the appointment less than one week in advance is more likely to show up than a patient who books six months in advance [6] . In this project, the patients make the appointment one month advance, so the no show rate for patients is higher. The other reason for a "no-show" is the patients' mood and ideas. LaGanga and Lawrence [7] say that in the clinic, almost 30% of adult patients did not show up for their scheduled appointments with psychiatrists.
In this project, the no show rate of the patients who are scheduled to see the psychologist is also the highest among all of the staff. We need to find some methods to resolve this problem, especially for the patients who see the psychologist. We collected and analyzed data from July 2010 to August 2010, to compare the show up rates between weekdays and different staff. See Table II .
B. Effect of no show:
A higher no show rate for the clinic is not a good situation since it reduces clinic efficiency, increases health care costs and also limits the total number of patients served in one day [8] . The director of clinic found that patients who make appointments do not often show up, which means that the clinic staff has to wait for them and cannot see other patients. The director wants to solve this problem and keep all the staff in this clinic highly utilized. Muthuraman and Lawley [2] say that patients who do not show up for pre-booked appointments not only waste clinic resource, but also decrease the quality of care and accessibility. In this project, we wanted to investigate various scheduling procedures for patients in order to improve the utilization of staff and decrease the waiting time for the patients.
C. Scheduling Method:
Some clinics double book patients into common appointment times and rely on no-shows to even out the schedule [9] . Other clinics have used "wave scheduling" policies that build extra appointments into a schedule to increase the utilization of staff and leave other appointment slots empty [7] . Practitioners have reported success in managing appointment schedules with these and similar approaches, but they do not analyze nor describe how schedule performance relates to no-show rates or other characteristics [10] . In this project, we use the overbooking method to schedule the patients' appointments. Overbooking does not mean double booking. Double booking is a specific case of block-booking, which means scheduling a number of patients to arrive at the same time. Double-booking is not the only option for overbooking [8] . Overbooking also can schedule an appointment every 15 minutes when it can serve patients every 45 minutes. The goal of the overbooking is to minimize the negative effect of a higher no-show rate. According to the overbooking method, the number of patients be served in a day and utilization of staff are significantly improved, but the overbooking causes increases in both patient waiting time and patients total time to stay in the clinic. We need to tradeoff between these two measures and find a better solution to serve additional patients, minimize patient waiting time and increase the utilization of staff in the clinic. Furthermore, the overbooking method is the only one that directly helps in a situation involving no-show patients [8] .
II. PROBLEM STATEMENT

A. Goal of the project
Because the no-show rate is very high (nearly 50%) at the clinic, we need to find a better interarrival time for patients to increase the utilization for staff and decrease the waiting time for patients. By increasing the arrival rate of patients, the waiting time, the total number of served patients and the utilization of staff are increased. We need to trade off in order to choose the best arrival rate for the clinic.
B. Two Methods in the project
In this project, we use two potential methods to solve this problem. The first method is over-booking of the patients. We assumed every returning patient sees one staff person. Control the interarrival time between two appointments in one day (working hour is 8 Hours) for each type of patient, especially for the patients who see the psychologist and returning patients.
We used the data which we have collected from the clinic to build the one-day overbooking simulation model in order to estimate the utilization of staff, the waiting time for patients in the clinic, the number of patients served in one day, the total time spent in the clinic and the time when the clinic closed depending on when the last patient leaves clinic as a function of patient arrival rate. The second method is using multiple resources for every visit. We assumed that for each appointment a patient could visit with two of the staff personal. The no show rate is assumed to be the average of two staff's no show rate.
For the over-booking methods, There are five parts to the model representing five types of patients, including new patients, returning patients who see the nutritionist only, returning patients who see the psychologist only, returning patients who see the physician only and returning patients who see the exercise physiologist only. The model runs for 8 hours (480mins) one day from 8am to 4 pm, or when all patients are finished, whichever is later. The simulation is run for 30 replications.
We consider two parts in the model. One part involves making appointments; the other part involves modeling the process. For the appointment part, we will decide whether the number of patients counter is more than the maximum number of patients' appointments. The maximum number is changed as the interarrival time for the patients. We use the Arena concept of ''set'' with the value "preferred order". We design the order with physician in the first place, for patients will see the physician firstly if the physician is available.
The second model is the Multiple-Resource Model. In this model we consider that the returning patients could choose to see one or two staff persons in one appointment. We can divide returning patients into eleven types. There are new patients, returning patients who see the physician, the nutritionist, the psychologist and the exercise physiologist, respectively. The other patients are returning patients who see two staff every time. Before the patient sees the physician and the nutritionist, they need to see the nurse for take-in. If they want to see the exercise physiologist and the psychologist, they do not need to see the nurse.
If the patients make appointments with two staff members, they can see any of them first, depending on who is available.
In the model, we also record the total time for patients in the clinic, the number of patients served in one day, the waiting time for patients in the clinic, the utilization of the staff and the duration of clinic workday which is when the clinic will close, and also the number of each type of patients served in the clinic. The model runs for 8 hours (480mins) one day from 8am to 4 pm, or when all patients are finished, whichever is later.
The process for new patients and returning patients in the clinic is as follows, see Figure 1 and Figure 2 . 
III. SIMULATON RESULTS & ANALYSIS DATA
A. Overbooking Model
In the overbooking model, all of patients see only one staff at each visit. Because the no-show rate of the returning patients who see the psychologist is the highest, we focus on changing parameters for the returning patients who see the psychologist.
In
1) Changing the Interarrival Time for Returning Patients who see the Psychologist
Let T1 = the interarrival time for returning patients seeing the psychologist Let T0 = the interarrival time for patients seeing other staff Figure 3 plot the average patient waiting time against the average system utilization when the interarrival time for returning patients seeing psychologist is set to be 15 minutes. Six situations are considered, when the interarrival time for other patients are set to be 30, 45, 60, 75, 90 and 120 minutes, respectively. Also note that the average waiting time and utilization are computed based on 30 replications.
The reason we do not consider the interarrival time for other patients to be 15 minutes is that the no-show rate for those patients is lower than the one for patients who see the psychologist.
From the plot we can find that utilization is not significantly improved with overbooking (25% VS. 50%), but the latter has caused significant increase in patients waiting time (5 minutes vs. 20 minutes). We need to tradeoff between the utilization and the waiting time. We study two points from the plot. One has the highest utilization when T1 and T0 are 15 and 30 minutes, respectively. In this case, the average utilization of the T1 = 15 minutes 56 hours) , the number of patients served is 47, and the duration of the clinic workday is 592.5 minutes (9.875 hours).
The other plots are similar to that of Figure 3 . We choose two points from every plot. One is the highest utilization point; the other is the median utilization point. See Table III. We need to trade off between the utilization and the waiting time. Our goal is to choose a set of parameter settings that yields higher utilization and shorter waiting time. In addition, we target the duration of clinic open hours to be near 8 hours (8am to 4 pm) or 480 minutes. Table III suggest that the combination of the interarrival time for returning patients who see psychologist being 30 minutes and the interarrival time for other patients being 60 minutes meets our criteria. Particularly, for this setting, the average utilization is 42%, the average waiting time is 10.7 minutes, the average total time for patients in the clinic is 93.393 minutes (1.56 hours), the number of patients served per day is 47, and the duration of the clinic workday is 584.6 minutes (9.74 hours).
2) Changing the interarrival time for all returning patients
The purpose for this experimental run is to calibrate the interarrival times between new and returning patients.
Let Tr = The interarrival time for returning patients Let Tn = The interarrival time for new patients Figure 4 plots the average patients waiting time against the average system utilization when the interarrival time for returning patients is set to be 15 minutes. Seven situations are considered, when the interarrival time for new patients are set to be 15, 30, 45, 60, 75, 90 and 120 minutes, respectively. Also note that the average waiting time and utilization are computed based on 30 replications.
We study two points from the plot. One has the highest utilization when Tr and Tn are 15 and 30 minutes, respectively. In this case, the average utilization of the staff is 0.509, the waiting time for patients is 30.08 minutes, the total time for patients staying in the clinic is 122.9 minutes (2 hours), the number of patients though the system is 121, and the duration of clinic open hours is 1299.33 minutes(21 hours). The other point has the median utilization when Tr and Tn are 15 and 60 minutes, respectively. In this case, the average utilization of the staff is 0.461, the waiting time for patients is 22.897 minutes, the total time for patients staying in the clinic is 111.703 minutes (1.86 hours), the number of patients served is 105, and the duration of the clinic workday is 1202.54 minutes (20.03 hours). From Figure 5 , we find that the system utilization and the patient's total waiting time are not very sensitive to the change in Tr and Tn. We also can see that the waiting time is almost the same when Tr is 30 minutes. So, we study one point from the plot which is the highest utilization point when Tr and Tn are 30 and 45 minutes, respectively. In this case, the average utilization of the staff is 0.477, the waiting time for patients is 22.276 minutes, the total time for patients staying in the clinic is 111.127 minutes (1.85 hours), the number of patients reserved is 69, and the duration of the clinic open hours is 822.64 minutes (13.7 hours).
The following plots are similar to Figure 5 . We choose one better point which has a higher utilization and lower waiting time point from every plot. See Table IV. We need to trade off between the utilization and the waiting time. Our goal is to choose a set of parameter settings that yields higher utilization and shorter waiting time. In addition, we target the duration of clinic open hours to be near 8 hours (8am to 4 pm) or 480 minutes. As it turns out, the combination of the interarrival time for returning patients who see the psychologist being 60 minutes and the interarrival time for patients being 75 minutes meets these criteria. Particularly, for this setting, the average utilization is 40.2%, the average waiting time is 11.118 minutes, the average total time for patients in clinic is 94.403 minutes (1.57 hours), the number of patients served is 39, and duration of the clinic workday is 502.7 minutes (8.38 hours).
3) Conclusions on the Overbooking Model
The simulation shows that when the time between appointments decreases, the total number of served patient increases, the utilization of staff increases and the patient waiting time increases. We need to trade-off between the waiting time and utilization. We conclude from all the plots that a good combination calls for the interarrival time for returning patients who see the psychologist to be 30 minutes and the interarrival time for other returning patients to be 60 minutes, and the interarrival time for new patients to be 75 minutes. This yields the system utilization of 0.411 and the average patient's waiting time of 10.909 minutes. Additionally, the total time for patients is 93.893 minutes (1.56 hours), numbers of patients served is 43, and duration of the Clinic open hours is 543.65 minutes (9.06 hours). Utilization of staff in the clinic is 0.411 are not bad, because the staff have other things to do.
B. Multiple Resource Model
In this clinic, returning patients can choose to see one or two staff during one visit. This is implemented in our simulated model. In this regard, there are 11 types of patients.
We set the interarrival time for all patients to be 30 minutes, 60 minutes and 90 minutes. Table V displays the system performance with various interarrival times. The performance includes: the maximum number of appointments for various types of patients, the average utilization of individual staff, the waiting time for patients, the total waiting time for patients, and the total numbers of patients served. Table V , but it is still not acceptable to patients.
1) Conclusions on the Multiple-Resource Model
Tables V and VI suggest that compared to the singleresource model, multiple-resource scheduling leads to a significant increase in the total time that patients stay in the clinic, and only marginal gains on both the staff utilization and numbers of patients served. We conclude that the multipleresource approach is not effective at this point. Our future interest is to study if multi-resource scheduling helps with the multi-day simulation model.
IV. CONCLUSIONS
The clinic faces a big problem that the no-show rate is very high. Patients make appointments, but they do not show up. This problem has many negative effects. First, the staff in the clinic cannot work efficiently, for they have to wait for the patients. Second, patients who want to make appointments in certain time periods cannot do so, for others have been scheduled for this time but indeed do not show up. Third, the clinic cannot make a good profit for the high no-show rate.
To solve this problem, we propose two methods. One is the overbooking method. In overbooking, the number of patients scheduled is larger than what the clinic can handle. This method is compensated for patients who do not show up for appointments. Ideally, overbooking can help increase the staff utilization and the number of patients served without much sacrifice on the patients' waiting time. The second method is the multiple-resource model, in which we can allow patients to see two staff in one visit if they would like to.
We build a simulation model to simulate one day of the clinic operations while assuming every staff works five days in a week. We vary the interarrival time of patients from 30 minutes to 150 minutes to study the effects of overbooking. From the simulation results, we observe that overbooking leads to increase in both the utilization of staff and the number of patients served per day. However, it also causes the waiting time for patients to increase. Considering this trade-off, we conclude that the interarrival time for returning patients who see the psychologist being 30 minutes, the interarrival time for other returning patients being 60 minutes, and the interarrival time for new patients being 75 minutes is the best option overall. We hope this recommendation can help the clinic to schedule patients more efficiently and to achieve maximal staff utilization and profit.
In the second method of multiple-resource, simulation results suggest that the total time for patients to stay in the clinic is unacceptably high due to the multi-resource scheduling. Therefore, we suggest the clinic does not consider this method.
Finally, we offer some other suggestions. First, the clinic can make appointments one week in advance, and this may help them to reduce the no show rate. Second, patients would feel more comfortable to visit the psychologist in the future if they get to meet him/her during their very first visit with the clinic.
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